Aims: The purpose of this study was to investigate the prevalence of Salmonella in pigs at the moment of slaughter and in the slaughterhouse environment. Methods and Results: In total, five different commercial slaughterhouses were sampled during eight slaughterhouse visits. Carcass swabs, colon content and mesenteric lymph nodes were taken to reflect the animal status and from the slaughterhouse environmental samples were taken.
INTRODUCTION
Salmonella is a well-known human pathogen causing gastroenteritis. In the last decade there has been a dramatic increase in the number of human cases of salmonellosis in most western countries. In 2001 Salmonella enterica subsp. enterica serovar Enteritidis and serovar Typhimurium caused, respectively, 64AE2 and 21AE5% of the Belgian human salmonellosis cases (Belgian National Reference Centre for Salmonella and Shigella, Brussels, Belgium). In different epidemiological studies pork has been described as a source for human salmonellosis (Molbak and Hald 1997; Delpech et al. 1998; Pontello et al. 1998; Murase et al. 2000) . In Denmark, the Netherlands and Germany it was estimated that 15-20% of all human cases of salmonellosis were associated with the consumption of pork (Borch et al. 1996; Berends et al. 1998; Steinbach and Kroell 1999; van Pelt et al. 2000) . Within the serovar S. Typhimurium, the phage type DT104 is of particular concern because of its acquisition of multiple antibiotic resistance (Threlfall et al. 1994; Wall et al. 1994; Baggesen and Aarestrup 1998) .
Salmonella has the potential to colonize the gut of the pigs. Most often pigs are healthy carriers of Salmonella. With the exception of infections with S. Choleraesuis and some types of S. Typhimurium, Salmonella infections usually produce no severe disease in pigs. Salmonella Typhimurium is frequently associated with Salmonella infections of pigs van der Wolf et al. 1999) . The major contamination sources of pig carcasses are pig (faeces, pharynx and stomach) and environment related (contact surfaces and handling by workers) (Borch et al. 1996) .
The aim of different surveillance programmes is to improve our understanding of the sources and the extent of the contamination. Reduction of Salmonella in pork and pork products should include monitoring and intervention at farm level (Mousing et al. 1997) . The widespread occurrence of Salmonella at the herd level suggests that control at this level is difficult (Fedorka-Cray et al. 1994) . The monitoring systems applied in the Danish and German Salmonella control programmes are based on the serological examination of blood samples or meat juice samples. In these programmes farms are classified into three different contamination levels on the basis of the antibody levels measured by a specific Salmonella ELISA (Mousing et al. 1997) .
This study describes the contribution of different Salmonella contamination sources on pig carcasses. Environmental and carcass samples were taken to reflect the handling and sanitary practices in different slaughterhouses. In addition, colon content and mesenteric lymph node samples were taken to determine the prevalence of Salmonella in pigs at slaughter and the animal-related transmission.
MATERIALS AND METHODS

Sampling methods
Experimental design. Samples were collected in five commercial slaughterhouses denoted as A, B, C, D and E (Table 1) processing ca 300, 500, 500, 600 and 400 pigs per hour, respectively. Figure 1 is a schematic ground plan of a slaughter line, valid for all five slaughterhouses. They were located in the western part of Belgium, where a highdensity pig production area is situated. Slaughterhouses A, C and D were visited twice; visits were indicated as A1, A2, C1, C2, D1 and D2. At A2 and D1 samples were collected during a whole slaughter day; pigs originating from 28 and 38 farms were sampled, respectively. At A1, B, C1, C2 and E, pigs originating from one farm, slaughtered during the morning were sampled. Only in slaughterhouse E were the pigs slaughtered at first. In D2, the slaughterhouse environment was sampled intensively, including different carcass swab samples at different points in the slaughter line.
Sample collection. Environmental samples were taken at different places in the slaughterhouse (Fig. 1, Table 1 ) to determine the Salmonella prevalence before and during slaughter activities.Totally 190 environmental samples were taken during eight slaughterhouse visits. Overshoes samples or swabs, with a sterile wad of cotton wool, from the lairage (C1 and D1) and from the Ôdirty zoneÕ (A1, A2, D1, D2 and E) were taken. In abattoir A, C and D a sample of the scalding water was taken with a sterile collection tube and the temperature was measured. From the equipments swabs with a sterile wad of cotton wool was taken. The knife blade was swabbed from its tip to its base twice. The blade from the splitting machine was swabbed on both sites. In the Ôclean zoneÕ the environment was sampled by taking overshoe samples at the beginning of the slaughter day (A2 and D1) and/or during slaughter (every slaughterhouse visit). Samples were collected in the chilling room by taking swabs of the floor and the wall.
Colon content and mesenteric lymph node samples were taken to determine the supply of Salmonella-positive pigs to the slaughter line. For every slaughterhouse visit the slaughter pigs that were followed were marked after polishing at the beginning of the slaughter line. In A2 and D1 where samples were taken during a whole slaughter day, each 25th and 50th pig was marked, respectively. From these marked pigs different samples were taken along the slaughter line. At the point of evisceration a piece of the colon was taken and put in a plastic bag with the corresponding number of the pig. Also the mesenteric lymph nodes were cut out of the intestine packet and put in a plastic bag with the pig number on it. In total 345 faecal samples and 346 mesenteric lymph nodes were taken. A piece of the diaphragm was cut out at the point of the meat inspection and at the end of the slaughter line carcass swabs before and after chilling in the chilling room were taken, which reflected the contamination of the end product. Half of the carcasses were swabbed, according to the procedure described by Korsak et al. (1998) . The inside and outside of the ham were swabbed together with the sternum along the incision line. Sterile gloves were used and changed after each sampling. In total 370 carcass swabs were taken at the end of the slaughter line. In slaughterhouse C the same carcasses before and after chilling were swabbed, at slaughterhouse D1 carcass swabs were taken at random.
All samples were put in sterile plastic bags and transported to the laboratory in a cooled container for immediate analysis.
Salmonella isolation method. Carcass swabs and 5 g of faeces, obtained aseptically from each piece of colon, were incubated in 50 ml of buffered peptone water (BPW; Oxoid Ltd, Basingstoke, UK), environmental swabs were incubated in 100 ml of BPW, and overshoes in 225 ml of BPW. The lymph nodes were trimmed of any attached fat, meat or other tissue to keep the lymph node intact. Ten grams of an intact lymph node was homogenized in a stomacher bag with 50 ml BPW for 2 min. All the samples were incubated at 37°C overnight. For the isolation of Salmonella, different methods were compared; two methods with a liquid enrichment step in Rappaport Vassiliadis (RV; 10 and 2 ml) and a method based on motility enrichment on the semisolid medium Diassalm (LabM, Bury, UK) ( Table 2 ). In total, 1337 different samples were tested. Following enrichment 0AE1 ml was transferred to 9AE9 ml RV broth (Oxoid) and on diagnostic semisolid Salmonella agar (Diassalm). Additionally, for the samples collected in slaughterhouse A1, B, C1, C2 and E, 0AE2 ml of BPW was added to 1AE8 ml of RV. After incubation at 42°C for 24 h a 10-ll loop of the RV culture was streaked on xylose lysine desoxycholate agar (XLD; Oxoid) and incubated for 24 h at 37°C. When a purple migration zone was observed on Diassalm after 24 h of incubation at 42°C, a 1-ll loop from the suspected zone was streaked on XLD. Presumptive Salmonella colonies (black colonies) on XLD were confirmed by PCR (see below). All the Salmonella isolates were stored at )80°C in brain-heart infusion (BHI; Oxoid) supplemented with 15% glycerol (w/v).
Molecular confirmation and characterization of isolates
Preparation of crude cell lysate. The bacterial colonies were suspended in 100 ll of H 2 O and centrifuged for 2 min at 13 000 g. The pellet was resuspended in 100 ll of 0AE05 mol l )1 NaOH, 0AE125% sodium dodecyl sulphate (SDS) and heated for 17 min at 90°C.
Molecular confirmation. For PCR confirmation of presumptive Salmonella colonies, Salmonella-specific primers ST11 5¢-AGCCAACCATTGCTAAATTGGCGCA-3¢ and ST15 5¢-GGTAGAAATTCCCAGCGGGTACTG-3¢ described by Aabo et al. (1993) were used. The PCR was performed in a final volume of 25 ll containing 50 mmol l Norwalk, CT, USA), 0AE25 lg of each primer and 1 ll of crude cell lysate. The mixture was subjected to 30 cycles of amplification; the first cycle was preceded by denaturation for 1 min at 95°C. Each cycle consisted of a denaturation for 15 s at 95°C, annealing for 15 s at 57°C and elongation for 30 s at 72°C. The last cycle was followed by a final extension for 8 min at 72°C. The PCR products (x ll) were subjected to electrophoresis on a 1AE5% Seakem ME agarose gel (FMC Bioproducts, Rockland, ME, USA) under 20 V cm )1 for 25 min and then analysed (Sambrook et al. 1989) .
REP (Repetitive extragenic palindromic elements)-PCR.
REP-PCR was used as a rapid fingerprinting method to classify Salmonella isolates to the serotype level. For REP-PCR, the primers REP1R-I 5¢-IIIICGICGICATCIGGC-3¢ and REP2-I 5¢-ICGICTTATCIGGCCTAC-3¢ described by Versalovic et al. (1991) were used. The PCR reaction was performed in a total volume of 25 ll containing 50 mmol l )1
KCl, 10 mmol l )1 Tris-HCl (pH 8AE3), 1AE5 mmol l )1 MgCl 2 , 0AE5% Tween 20, 0AE01% gelatine, 200 lmol l )1 of each dNTP, 1AE4 U of Goldstar RED DNA polymerase (Eurogentec, Seraing, Belgium), 0AE25 lg of each primer and 1 ll of crude cell lysate. The mixture was subjected to 30 cycles of amplification; the first cycle was preceded by denaturation for 7 min at 95°C. Each cycle consisted of a denaturation for 1 min at 94°C, annealing for 1 min at 40°C and elongation for 8 min at 65°C. The last cycle was followed by a final extension for 16 min at 65°C. The PCR products were subjected to electrophoresis on a 1AE5% Seakem ME agarose gel (FMC Bioproducts) in a 1· Tris-borate-EDTA (TBE) buffer under 5AE6 V cm )1 for 4 h and analysed (Sambrook et al. 1989) . The REP-PCR patterns were clustered with GelCompar 4AE1 (Applied Maths, Kortrijk, Belgium) in comparison with the known Salmonella serotypes.
Serotyping
One representative strain of each REP type was sent to the Veterinary and Agrochemical Research Center (CODA, Ukkel, Belgium) for conventional serotyping according to the Kauffmann-White scheme.
ELISA-detection of Salmonella-specific antibodies
A piece of each diaphragm was frozen and the meat juice harvested after thawing. The meat juice was examined serologically for specific antibodies against Salmonella. The test kit Salmotype Ò -ELISA (Labor Diagnostik, Leipzig, Germany) was used following the suppliers instructions. The Salmotype A sero-negative herd was defined as a herd with at least 80% of the samples negative (O.D.% ‡ 10) in the Salmonella ELISA, whereas a herd was classified as a sero-positive (O.D.% ‡ 40) when at least one sample from that herd had an O.D.% ‡ 40.
Statistical analysis
Animal-related contamination was determined as the total number of pigs positive in their faeces and/or mesenteric lymph nodes relative to the total of carcasses positive. The carcass samples from the same pigs as the faeces and lymph nodes were compared and the value was expressed as percentages.
Association between carcass contamination and the contamination of faeces and mesenteric lymph nodes was assessed using a Pearson chi-square test.
For the ELISA results, the correlation with the bacteriological results on herd level (faecal sample only) and on individual pig level (faeces only or faeces and mesenteric lymph nodes together) was determined by the Pearson chisquare test and the tetrachoric correlation. The tetrachoric correlation assumes that the ordered, categorical variables of a 2 · 2 frequency table have an underlying bivariate normal distribution. It is calculated as the maximum likelihood estimate of the product-moment correlation between the normal variables, estimating thresholds from the observed table frequencies. The range of the tetrachoric correlation is from )1 to 1.
RESULTS
Sensitivities of the different isolation methods
For the isolation of Salmonella, different methods were compared; two methods with a liquid enrichment step in RV (10 and 2 ml) and a method based on motility enrichment on the semisolid medium Diassalm (Table 2) . A sample was determined positive when Salmonella was isolated with at least one of the isolation methods. Overall, the highest sensitivity (95AE3%) was obtained with Diassalm. RV 10 ml gave a sensitivity of 84AE3% whereas RV 2 ml gave a much lower sensitivity of 68AE8%. In faecal samples a general lower sensitivity was obtained. Diassalm and RV 10 ml gave a sensitivity of 89AE2 and 73AE8%, respectively. RV 2 ml offered no additional sensitivity (45AE8%), no samples were found positive exclusively with RV 2 ml.
Prevalence of Salmonella Table 1 shows the prevalence of Salmonella in the environmental samples, the carcasses and the pig-related samples taken at the different slaughterhouses. Salmonella was present in the environmental samples of all the slaughterhouses, from 33% for slaughterhouse A1 to 75% in slaughterhouse C2. In the lairage and the dirty zone of different slaughterhouses the Salmonella prevalence was 100% to 92% for slaughterhouse C and D respectively, where the overshoe samples were obtained during one visit. However, the scalding water samples taken during slaughter activity were never positive. The temperature of the scalding water during activity was between 60 and 62°C. An average of 25% of the overshoe samples taken at two different slaughter lines before the start of the slaughter activity were found positive. Overshoe samples taken during activity, at different points along the slaughter line, were positive in 86% of the cases. In four slaughterhouses, the knife samples were found positive (in overall 27% of the samples) and for one of the slaughterhouses (C ) the knives were found positive on two occasions. The carcass splitter was positive during three slaughterhouse visits (C1, D1 and D2). A total of 370 carcass swabs were taken and an average of 37% of them turned out to be positive before chilling. However, high variations were observed between the different abattoirs (ranging from 19% at B to 56AE5% at D) and between the different sampling days at the same slaughterhouse (e.g. ranging from 3% at C2 and 52% at C1). After chilling, the carcass contamination of the same pigs originating from one herd decreased in C1 (52% before and 36% after chilling) and C2 (3% before and 0% after chilling). However, in slaughterhouse D2 an increase from 6 to 15% was noticed after chilling. In this case swabs were taken at random and not from the same carcasses before and after chilling.
Overall, Salmonella was isolated from 19% of the faecal samples, taken from the colon after evisceration, and from 21% of the mesenteric lymph nodes. However, high variations were observed between the herds slaughtered in different slaughterhouses (ranging from 0% in A1 and B to 64% in C1 for faecal samples and from 0% in A1 and B to 88% in C1 for lymph nodes) and between different visits of one slaughterhouse (ranging from 6% in C2 to 64% in C1 for faecal samples and from 20% in C2 to 88% in C1 for lymph nodes). Overall 28% of the animals carried Salmonella in the faeces and/or the mesenteric lymph nodes.
Distribution of the Salmonella serotypes
The three most prevalent serotypes (Table 3) isolated from the slaughterhouse environment, by taking overshoe samples at the slaughter line before and during slaughtering, were S. Typhimurium (38AE6% of the isolates, six of eight slaughterhouse visits), S. Livingstone (21%, three of eight slaughterhouse visits) and S. Derby (21%, seven of eight slaughterhouse visits). Also Infantis, Ohio and Brandenburg were isolated from overshoe samples. The overshoe analysis allowed the isolation of different serotypes from the environment, for example at A2 and B it was possible to isolate four different serotypes. Salmonella Typhimurium and S. Derby were the most prevalent serotypes in the Ôdirty zoneÕ of slaughterhouses D1 (37AE7% of the isolates) and D2 (31AE1% of the isolates), respectively.
The largest variation in serotypes was found in pig-related samples (Table 3) . Nine different serotypes (Typhimurium, Brandenburg, Derby, Infantis, Virchow, Livingstone, Ohio, Anatum and London) were isolated from the carcasses. Salmonella Typhimurium was isolated from 71% of the contaminated carcasses and during five of eight slaughterhouse visits. At D1, where the carcass contamination was 70%, S. Typhimurium was almost exclusively found (97% of the isolates). At C1 additional serotypes S. Derby, S. Virchow and S. Mbandaka were found on the carcasses after chilling. At slaughterhouse D2 S. Typhimurium and S. Derby were found after chilling but for this specific case carcasses from different pigs were swabbed as before chilling.
Salmonella Typhimurium was isolated from the colon content of 40% of the Salmonella-positive pigs, while this figure was 30AE7% for S. Livingstone and 15AE3% for S. Derby. Salmonella Livingstone, S. Typhimurium and S. Derby were isolated from 35AE6, 26 and 10AE9% of the mesenteric lymph nodes, respectively. In slaughterhouse C1, Brandenburg (1) Typhimurium (1) Livingstone (1) Virchow (1) London (1) Typhimurium (5) Anatum (1) Dirty zone
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S. Livingstone was found in both the mesenteric lymph nodes, and the colon content. In other slaughterhouses additional serotypes were isolated; S. Goldcoast, S. Havana, S. Agona and S. Virchow were isolated from the mesenteric lymph nodes but not from faecal samples. More so, the first three serotypes were exclusively isolated from mesenteric lymph node samples and not from other animal-related samples or environmental samples of the slaughterhouse. At A2, C1, D1 and D2 the same serotypes were isolated from the carcasses as from knifes or the splitting machine. At the herd level, 27 of 67 (40AE2%) herds sampled in the different abattoirs were found positive for Salmonella (Table 4) . A herd was considered positive when a faecal sample from at least one pig of the herd was found positive. For each herd, an average of 5AE149 pigs were sampled and in a positive herd an average of 2AE44 animals were shedding Salmonella at the moment of sampling (result not presented). Salmonella Typhimurium, S. Derby, S. Brandenburg, S. Livingstone and S. Anatum were isolated from the faeces, in respectively 34, 22AE8, 14AE2, 8AE6 and 8AE6% of the positive herds. The serotypes Infantis, Ohio, London and Rissen were each found in 2AE8% of the positive herds (result not presented). In six herds, the pigs were contaminated with more than one Salmonella serotype, in the other 21 herds all pigs were shedding the same serotype. Figure 2 shows the Salmonella contamination frequencies of carcass and faeces and mesenteric lymph nodes in the different slaughterhouse visits. A significant association was found between the numbers of animals that shed Salmonella in their faeces and/or were carrier of Salmonella in their mesenteric lymph nodes and the number of contaminated carcasses at the end of the slaughter line (P ¼ 0AE01675). With the faecal sample alone no correlation could be found (P ¼ 0AE11463). The animal-related contamination was defined to be 70AE5% on a total of 324 animals. Ninety-six animals were positive in their faeces or lymph nodes an a total of 136 positive carcasses. In slaughterhouses A and C a correlation between the number of living animals that shed Salmonella spp. in their faeces and/or positive in their mesenteric lymph nodes and the number of contaminated carcasses at the end of the slaughter line could be noticed (P ¼ 0AE00611 for A2). In contrast, in slaughterhouses B and D1 a high carcass contamination was noticed whereas the delivery of Salmonella-positive pigs was nil or low. In the latter cases the impact of the cross-contamination of the slaughterhouse environment on the carcasses seems to be the most important factor (for B 100%, because all the pigs from that herd were Salmonella negative and for D1 in 68AE5% of MLN, mesenteric lymph nodes. *A herd was defined as bacteriologically positive from the moment that one pig of the herd was Salmonella positive in the faeces after slaughter.
the carcass samples the corresponding faeces or lymph nodes were negative).
Serological analysis
A positive ELISA result for anti-Salmonella antibodies (cutoff O.D.% ‡ 10) was measured in 183 of 325 meat juice samples (56AE3%). Of these meat juice samples, 79 samples showed an O.D.% ‡40 (24AE3%) ( Table 4) . At the herd level, sampled at the slaughterhouse, 47AE7% were serologically negative when O.D.% > 10 was used. A herd can be bacteriologically positive, but all the pigs sampled within the herd at the moment of slaughter are serologically negative (25AE9% of the positive herds). If a cutoff O.D.% ‡ 40 was used in 62AE9% of the herds that where bacteriologically positive, all the pigs sampled from these herds at the moment of slaughter were serologically negative (Table 4 ).
At the individual pig level serological ELISA results were compared with bacteriological results (faeces positive or negative) (Table 4 ). Serologically 43AE6% of the animals were found negative while 80% of them were bacteriologically negative (faeces negative). Thirteen of the 65 bacteriologically positive pigs (20%) were serologically negative. Seventy per cent of the serologically positive pigs (cut-off O.D.% ‡ 10) were not shedding Salmonella at the moment of sampling. When both faeces and mesenteric lymph nodes were used to identify the bacteriological status of the pig, the best correlation was found with the ELISA results when using a cut-off O.D.% ‡ 40 (P ¼ 0AE00000) instead of a cutoff O.D.% ‡ 10 (P ¼ 0AE00002).
DISCUSSION
For the isolation of Salmonella from pork-related samples the highest sensitivity was reached with the semisolid medium Diassalm (95AE3%). Other authors recommended, especially for faecal samples, the use of a semisolid medium for the isolation of Salmonella (Aspinall et al. 1992; Voogt et al. 2001 ) and obtained, in particular for faecal samples, a lower sensitivity by using only one isolation method (Davies et al. 2000) . The use of Diassalm together with RV (10 ml) (see Materials and Methods) as isolation method of Salmonella offers the highest sensitivity.
Thirty seven per cent of the carcasses sampled at the end of the slaughter line before chilling were positive for Salmonella. Korsak et al. (1998) found about 27% of the pork carcasses positive for Salmonella in four different Belgian slaughterhouses. In comparison with similar studies in some other western countries the Belgian contamination frequency is high. A study from the Netherlands showed only 1AE4% of the carcasses positive at the end of the slaughter line (Swanenburg 2000) . A German study reported that about 10% of the carcass swabs collected in seven different abattoirs were positive (Kasbohrer et al. 2000) . Only in the UK, with 7-26% of the carcasses contaminated, the same high frequencies were reported (Davies et al. 1999) .
Nineteen per cent of the pigs were shedding Salmonella in their faeces and 21% carried Salmonella in their mesenteric lymph nodes. Together 28% of the animals carried Salmonella in their faeces and/or mesenteric lymph nodes. Heuvelink et al. (1998) found also a higher contamination level of the mesenteric lymph nodes (26AE5%) in comparison with the feacal samples (23AE8%). Letellier et al. (1999) isolated Salmonella from 5AE2% of the caecal samples in Canada. In Germany and the Netherlands, respectively, 3AE7 and 25AE6% of the faecal samples were positive (Kasbohrer et al. 2000; Swanenburg 2000) . Highly contaminated intestines or lymph nodes could be a primary source of carcass contamination during evisceration.
In the slaughterhouse not only carcasses of infected animals were contaminated but also cross-contamination of other infected animals and from the environment occurred. Figure 2 shows that in several slaughterhouses carcass contamination is a result of two parameters: the Salmonellastatus of the supplied animals and the slaughterhouse hygiene. Cross-contamination was estimated to account for 29% of the entire carcass contamination. This corresponds well with the results of Berends et al. (1997) and Borch et al. (1996) who estimated that the initial source of pork carcass contamination was the carrier pig itself, calculated to be 70 and 30% of the entire carcass contamination was due to cross-contamination from the slaughterhouse. In our study large variations were noticed between the cross-contamination values of different slaughterhouses sampled. When the carcass contamination was followed as a function of the supply of positive animals, a good correlation was found between both parameters in slaughterhouse A2 (86AE4%); whereas in slaughterhouse D1 and B the cross-contamination was calculated to be 68AE5 and 100%, respectively. Certain serotypes present in the faeces at the beginning of the slaughter day were indeed recovered on carcasses slaughtered at the end of the day. In slaughterhouse D1 the high carcass contamination already present at the start of the slaughter day was probably due to a continuous environmental infection source.
The overall presence of Salmonella in the environmental samples of the slaughterhouses was excessive from 92 to 100%. Fluctuation from 33 to 75% occurred between the different slaughterhouses. Even before starting the slaughtering process Salmonella could be isolated from the environment, indicative of inefficient cleaning. By taking overshoe samples different Salmonella serotypes could be isolated, which indicates the efficiency of the sampling technique. An overshoe sample could be used for monitoring of the cleaning efficiency at the slaughterhouse. The knives and the splitting machine could be a source of contamination; at slaughterhouse D1 the same serotype (S. Typhimurium) was found on the splitting machine and on the carcasses and this was possibly the reason for the continuous contamination of the carcasses during the whole day. During a second visit 1 month later (D2), this S. Typhimurium strain was not isolated from the cutting equipments, but other Salmonella serotypes were isolated such as S. London, S. Derby and a nonserotypable strain on the SKG-II apparatus and knives. From one carcass hanging in the refrigerator and killed 1 week earlier S. Typhimurium could be recovered by swabbing.
In most cases the Salmonella flora in the slaughterhouse environment reflected the microbial flora of the pigs that were delivered that day. The most frequently isolated serotypes from the animal-related samples were S. Typhimurium, S. Derby and S. Livingstone, and these were also the most prevalent serotypes in the environment of the slaughterhouse. Differences in serotypes between sampling days and between slaughterhouses were observed, which demonstrated that sampling results depend on slaughterhouse (hygienic parameters and qualification of personnel), the moment of sampling and the origin and number of infected pigs that were delivered during the sampling period.
After tracing the Salmonella data from the colon content isolated in the slaughterhouse back to the herd level, it was estimated that 40% of the herds were Salmonella positive at the moment of slaughter. A high level of herd contamination was also found in the Netherlands with 23% of the herds Salmonella positive sampled on the farm (van der Wolf et al. 1999) and in the UK with 63% positive farms (Davies et al. 1999) . For interpretation of our data, it has to be kept in mind that the pigs with positive colon content and/or mesenteric lymph nodes in the slaughterhouse could have been infected on the farm and during transport or during the waiting period in the lairage before slaughtering. There are indeed indications that the contamination could already be detected in the faeces and the mesenteric lymph nodes as early as 3 h after infection (Fedorka-Cray et al. 1994) . Especially the lairage and the high contamination level of the slaughterhouse environment are probably the major source for Salmonella infections prior to slaughter (Hurd et al. 2001; Swanenburg et al. 2001) . Hurd et al. (2002) demonstrated that rapid infection during transport, and particularly during holding, is a major reason for increased Salmonella prevalence in swine: a sevenfold higher Salmonella isolation rate and twice as many different serovars were observed from pigs necropsied at the abattoir than from those necropsied on the farm.
On the serological level Nielsen and Wegener (1997) found 4-7% positive meat drip samples of finishing pigs in Denmark when a cut-off O.D.% ‡ 40 was used. In a German study, from 2947 serologically investigated fattening pigs 7AE3% were found positive at a cut-off O.D.% ‡ 40 (von Altrock et al. 2000) . In our study a much higher seroprevalence of 24AE3% was noticed when cut-off O.D.% ‡ 40 was used. When we compared the bacteriological results with the serological results of the individual pigs at the moment of slaughter, the correlation between both was poor. It is to be expected that recent Salmonella infections cannot be detected by serological examination. It is indeed possible that the pigs get infected during transport or during the waiting period in the lairage before slaughter (Fedorka-Cray et al. 1994) . In the abattoir, Hurd et al. (2002) found a bacteriological Salmonella prevalence rate of 39AE9% in the pigs compared with only 17% seroprevalence with O.D.% ‡ 40. In our study in 17AE7% of the cases where the ELISA was negative (cut-off value O.D.% < 10) Salmonella could be isolated from the mesenteric lymph nodes (12 of the 141 samples) or from the faeces (13 of the 142 samples). These infected pigs can probably be important in the transmission of Salmonella in the slaughterhouse and to the carcasses. However, it is also possible that an animal with a positive serological status does not shed Salmonella in the faeces anymore.
The Danish control programme for reducing Salmonella in the pork production chain is based on serological monitoring of the pig herds. On herd prevalence they found a good correlation between bacteriological and serological examination (Stege et al. 2000) . However, it is not so clear which cut-off value has to be used: in the Danish monitoring programme a cut-off value O.D.% ‡ 40 is used, but other authors suggested the use of the lower cut-off value (O.D.% ‡ 10) (van der Wolf 2000) . From the results of our study it seems that by taking meat juice samples in the slaughterhouse on individual pig level a cut-off O.D.% ‡ 40 is preferential, while on herd level, measured at the slaughterhouse, O.D.% ‡ 10 gives the best correlation with the bacteriological analysis.
Our results indicate clearly that a Salmonella reducing control programme has to include measures to decrease the Salmonella contamination at the pig level and in the slaughterhouse. The use of an adequate method to determine the Salmonella status of the pigs together with an improvement of the slaughterhouse hygiene seems mandatory. 
